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Abstract. Site-occupancy models which take into account detection probability of 

species have promising applications for Atlas work. These models enable to estimate the 
‘true’ state of occupancy in sites even if sites differ in observation effort. Data collected 
with different field methods and opportunistic data collected without standardized field 
methods may be used together to derive reliable inferences on species distribution, 
colonisation and extinction. This may lead to a new generation of atlases with annual 
distribution maps on the internet. We emphasize the remarkable perspectives of these 
models and discuss some problems that need to be solved.  
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Introduction  

There is a growing need for up-to-date data on the distribution of breeding birds. 
Such data help in setting priorities in site and species conservation and in measuring the 
efficacy of management actions. These data may also reveal the impact of large-scale 
environmental changes on the distribution of breeding birds, such as climate change and 
land use. Bird atlases with distribution maps per species are therefore considered as 
important tools in species conservation (Gibbons et al. 2007).  

Unfortunately, compiling a bird atlas and keeping it up-to-date is far from easy. First, 
it requires considerable time and effort to get the “complete” picture of the distribution of 
species in a particular region or country. It usually takes years to complete the field work and 
to publish the atlas. Repeating the work may be even more challenging as observers might 
be less inclined to do field work for a next atlas round shortly after an earlier one. Generally, 
intervals between the publications of successive atlases are growing, and they are becoming 
increasingly outdated (Gibbons et al. 2007). Meanwhile, new data become available but 
remain unused. As an example, the EBCC Atlas of European breeding birds is already 12 
years old, and part of the underlying field work is even much older (Hagemeijer & Blair 
1998). Although each year new distributional data become available through the monitoring 
schemes in many European countries, these data do not result in updated European maps; 
neither do data from recent national atlases, such as the current atlas for breeding birds in 
Poland (Sikora et al. 2007).  

Secondly, many atlases are partly or completely based on opportunistic observations 
of bird species rather than on observations collected using standardized observation efforts. 
This means that some grid cells are investigated more often and more thoroughly than 
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others, leading to varying probabilities to detect the presence of a species. This may lead to 
flawed distribution maps, which reflect observers’ preferences and efforts. If e.g. observers 
prefer sites close to their home or prefer sites in more attractive areas, the presence of 
species is underestimated in sparsely-populated and less attractive areas. Systematic 
sampling with standardized observation efforts, such as done for the breeding bird Atlas in 
the Netherlands (SOVON 2002) reduces this bias, but requires much larger efforts, which 
may not be feasible in countries with few observers.  

Therefore, the dilemma in composing a breeding bird atlas is either to invest 
considerable amounts of time, effort and money to make a reliable up-to-date atlas or to be 
content with a less timely and less reliable product. The recently developed site-occupancy 
models (MacKenzie et al. 2006; Royle & Dorazio 2008) may offer a way out. These models 
enable to create a distribution map even if not all constituent grid cells of the map have 
been surveyed. Moreover, they can adjust for differences in detection probability, allowing 
opportunistic data to be included without causing too many difficulties. For these reasons, 
we believe that future distribution maps may be compiled on an annual basis. We briefly 
describe the site-occupancy model and then outline the data and analyses needed for the 
model. We also speculate about the opportunities to compose an annual European atlas.  
 

Site-occupancy model  

Site-occupancy models are models to analyse presence-absence data taking into 
account imperfect detection of species (MacKenzie et al. 2006; Royle & Dorazio 2008). These 
models require data of temporal and spatial replicates, i.e., for at least a number of sites 
repeated surveys are needed within the breeding season (technically speaking: within a 
species-specific closure period, which means that a site must stay either occupied or not by 
the species but must not become permanently abandoned or colonised during the period of 
surveys). The data must be arranged in so-called detection histories per site (here, grid cell) 
during a single season. An example is “0-1-0” for a species detected during the second visit, 
but not during the first and third visit to a site in the breeding season.  

These models are useful to analyse presence-absence data collected with a 
standardized field protocol (Royle & Dorazio 2008), but they can also be applied to 
opportunistic data, preferably (see below) data in the form of daily species lists (Kéry et al. 
2010; Van Strien et al. 2010). The basic idea behind their use for opportunistic data is that 
variation in observation effort over the years is directly translated into variation in species 
detectability. Replicated visits to a site are required to allow estimating the probability of 
detection separately from the probability of occurrence (Kéry et al. 2010). Taking into 
account detection probability in the analysis thus relaxes the need to standardize field 
method and effort. The model estimates the occupancy for all sites together (i.e., the 
proportion of occupied sites in the statistical population), but also the probability of 
occupancy (“true” state) for each individual site. These estimates of occurrence (true 
presence and true absence) per site enable to create a distribution map. 

Furthermore, data of multiple years can be analysed by dynamic site-occupancy 
model such as described by Royle & Dorazio (2008). These models describe annual 
occupancy in each site in year t as a function of occupancy in year t-1 and year-specific 
colonisation and extinction (= 1-survival) rates. In other words, the dynamic model is an 
extended metapopulation model to estimate probabilities of occupancy, colonisation and 
extinction, corrected for imperfect detection. Both occupancy/colonisation /extinction and 



Bird Census News 2010, 23/1-2: 1-7 

 3 

detection probability may be formulated as a function of covariates. E.g. if one expects that 
detection probability differs between monitoring data and opportunistic data, the data 
source may be included as covariate (Van Strien et al. 2010).  
 

Data sources  

A species distribution map should provide information about the presence or 
absence in all constituent grid cells of the map. But reliable recording a species’ distribution 
does not necessarily imply the need to survey each grid cell or to survey the same grid cells 
every year. The more grid cells are being surveyed, the more precise the predictions are of 
course, but a representative sample may be sufficient. Presence or absence in non-surveyed 
grid cells may then be derived from the information in the surveyed sites. Existing spatial 
analysis modelling methods do this too and estimate the probability of occupancy in non-
surveyed grid cells based on regression analysis, using covariates such as habitat and region, 
or based on spatial autocorrelation, or on a combination of both approaches (see e.g. Elith et 

al. 2006). But the dynamic site-occupancy model also takes into account detection 
probability as well as temporal autocorrelation in occupancy (Royle & Dorazio 2008). This 
makes it possible to achieve annual maps even if many sites were not surveyed in each year.  

Because the maps may in principle be composed from sampling data only, we 
consider the data from national bird monitoring schemes as important sources of data for 
the models, for the following reasons. The monitoring data are typically annual observations 
collected in many sites; so many spatial replicates are available. Monitoring sites are usually 
widely distributed and often (stratified) randomly selected across the country, ensuring an 
appropriate coverage of the country. This is frequently not the case for opportunistic data, 
where data for some regions may be entirely lacking. Moreover, many monitoring protocols 
include repeated visits which are a prerequisite of the site-occupancy models. Being count 
data of birds, the data need to be converted into presence-absence data per grid cell. 

Monitoring data alone however are often too sparse to produce a detailed atlas, so 
opportunistic data are essential as a second source of data for the models. These data may 
be single species records on a particular date and site, without information about any other 
species. Such data are usually coincidental observations and are predominant in museum 
collection data. Opportunistic data may also be records of several species made by one 
observer on one particular date and site, but the most useful data are daily species lists with 
records of all species seen or heard, because these are also informative about species not 
detected (see below). Opportunistic data are easier to collect than standardized monitoring 
data and currently an increasing amount of data is being collected in the framework of 
citizen science projects with easy data entry facilities on the internet (e.g. telmee.nl, 
waarneming.nl, ebird.org, worldbirds.org).  

A site-occupancy model assesses the annual “true” state for each individual grid cell 
(e.g. 5 x 5 km square) from monitoring as well as opportunistic data (Van Strien et al. 2010). 
Site-occupancy models however cannot work with presence-only data, so non-detection 
records need to be deduced from the data prior to the analysis. This is straightforward in the 
case of monitoring data and complete daily species lists, because any species not recorded 
may be considered as not detected at that date and site. Non-detections may also be 
deduced for single species records and incomplete daily lists. But non-detections then also 
include the non-reporting of detected species, which lowers the usefulness of the latter two 
data types. Van Strien et al. (2010) found that single species records and incomplete daily 
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lists of Dutch dragonflies produced much less precise occupancy estimates as compared to 
comprehensive species lists.  

A third source of data is formed by atlas studies in a particular region or country. 
These studies may either cover all species or may be dedicated to one or a few species. If 
repeated visits were collected in at least a subset of sites, in principle these data can also be 
used for site-occupancy models.  
 

Running a site-occupancy model  

Site-occupancy models may be fitted using the programs PRESENCE or MARK (see 
MacKenzie et al. 2006). The implementation of the models in these programs is based on 
maximum-likelihood estimation and computations do not require much time. Regrettably, so 
far these programs do not allow large datasets and elaborated models. Also both programs 
are designed for running one model at a time and not for analysing a large number of 
models for many separate species in batch mode.  

Alternatively, models may be fitted in a Bayesian mode of inference using the 
WinBUGS software (Spiegelhalter et al. 2003). WinBUGS can handle much larger datasets 
and is more flexible in model choice. Models may be fitted for a number of models in batch-
mode from R, using the library R2WinBUGS. But the time needed to fit an elaborate model 
with many sites easily grows to hours before model convergence is achieved. This is not 
practical if many species and many different models need to be processed on a routine basis. 
We expect however that processing time can be reduced in the future, among others by the 
use of informative priors derived from earlier runs which may speed up model convergence.  
 

Opportunities for an annual European Atlas  

Apart from computational problems, there are some theoretical problems that 
deserve attention in the future, such as the exact procedure to create zero values from 
opportunistic data (Kéry et al. 2010; Van Strien et al. 2010) and the heterogeneity of 
detection probability across sites (see MacKenzie et al. 2006; Royle & Dorazio 2008). Despite 
such problems, Van Strien et al. (in press) achieved credible annual distribution maps for the 
Netherlands for a butterfly species based on opportunistic data only. Therefore, we are 
rather optimistic about the opportunities to compose annual distribution atlases at a 
national scale in the near future.  

An annual atlas at European scale is more challenging. Such an atlas could be built 
upon the many national monitoring schemes in Europe, as well as on the growing amount of 
opportunistic data. In some countries opportunistic data might well be the only information 
on species’ distribution one can collect in practice, because observers are few. Even then, 
the amount of opportunistic data in these countries might remain too poor to achieve 
sufficient coverage of the country. An option is to collect replicated daily species lists in a 
limited number of randomly selected grid cells in countries where standard monitoring is not 
possible and opportunistic data are scarce.  

Field methods used in large-scale monitoring schemes differ between countries (see 
www.ebcc.info) and thereby the probability to detect species in a site if present. But site-
occupancy models can handle such differences by their ability to adjust for differences in 
detection probability. When using site-occupancy models it is therefore not needed to 
harmonise field methods between countries, to attune observation efforts between 
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countries or to calibrate data between countries, in order to derive proper inferences on 
supranational distribution of species and changes therein.  

It is impractical to include all data of a species from all countries in one site-
occupancy model because the number of grid cells would be too large to be processed in a 
reasonably amount of time. It is better to run separate models for each country, or parts of 
countries, and then to collate the results (Figure 1). Supranational collation is 
straightforward because when for each grid cell the ‘true’ occupancy is estimated, country 
maps can simply be “glued” together to create a European map (although estimating a 
supranational trend and its confidence intervals from collated information is not 
straightforward). When models are run for individual countries, grid cells sizes do not 
necessarily need to be equal between countries. If more fine-scaled data are available, a 
country might want to use a smaller grid size than elsewhere. But for some applications, 
such as assessing changes in the European range of species it is required to standardize grid 
cell size and to use, say a 25 x 25 km2 or perhaps even a 10x10 km2 resolution. The latter 
corresponds to the resolution required for reporting the range of species under the Habitat 
Directive and which perhaps becomes an obligation under the Birds Directive too.  

One way to run an annual European atlas is to store all data from all countries in one 
database, after which a central coordination unit runs the model per country and then 
collates the country results to produce the supranational species maps. This would require 
proper arrangements concerning data ownership and use. Another way would be similar to 
the procedure adopted in the Pan-European common bird monitoring project (PECBMS), 
where national organisations deliver their national indices produced by the TRIM program 
instead of their raw data (Gregory et al., 2005). This would mean that national organisations 
run the site-occupancy model themselves for their own data and deliver occupancy 
estimates to a central coordination unit. But site-occupancy models are less easy to run than 
TRIM. Apart from the need to develop user-friendly programs it then requires considerable 
efforts to train the participants.  

 

 

Figure. 1. Composing an annual European Atlas using site-occupancy models per country. 
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Perspectives 

Site-occupancy models may lead to a new generation of atlases: annual distribution 
maps on the internet, with colonisation and extinction indications per grid cell. The site-
occupancy models are expected to produce reliable inferences on distribution 
(presence/absence) and trends in distribution. More specifically they may produce: (1) the 
actual number of occupied grid cells in Europe (species range), and trends therein,(2) 
colonisation and extinction rates of species and (3) the changes in occupancy per species per 
grid cell (trend maps). It is also possible to combine the maps of individual species to 
produce (4) the total number of all breeding species, or subsets of species groups according 
to habitat or trait per grid cell and trends therein. Importantly, for all parameters confidence 
intervals of the estimates are available. 

The expected results from a European atlas open new perspectives for conservation 
and research. They allow estimating the actual European range of breeding birds, which is an 
important parameter in evaluating the EU’s Birds Directive. Furthermore, the atlas facilitates 
studies on the impact of climate change on range shifts (Lepetz et al. 2009) and make it 
possible to track if the actual changes match those predicted by the climatic Atlas (Huntley 
et al. 2007). They can be of help to make the European policy more climate change-proof, 
e.g. by facilitating to examine if Natura2000 sites are useful or can be made useful to 
support the colonisation of species that need to alter their distribution to keep track with 
suitable climate conditions. They can also be used to identify the best locations for future 
Natura-2000 sites or to track changes in High Nature Value farmland areas. The annual 
results, together with population monitoring data, also allow a frequent and statistically 
sound update of the red list status of many bird species which is useful for a Red list 
indicator of European birds. And so on and so further. More generally, site-occupancy 
models using monitoring and opportunistic data can be an important ingredient of a 
systematic program to determine the effectiveness of the Birds Directive and other 
European Union’s policy instruments. But perhaps above all, annual distribution maps on the 
internet, with colonisation and extinction indications per grid cell are a great communication 
tool because it is very appealing for the general public to see almost real-time changes in 
bird population happening in relation to climate change, land use and conservation 
measures.  
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